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It is often assumed, but has not been consistently observed, that some characteristics of reproductive history are
specifically related to breast cancer of pre- or postmenopausal onset. To determine whether inconsistent reports may
be due to differences in definition of menopause, we computed the relative odds (RO) of breast cancer for nulliparity,
age at first live birth, family history of breast cancer and prior history of benign breast disease, separately in pre- and
postmenopausal women, using seven different definitions of menopause. Results show that (i) relative odds of breast
cancer and their confidence intervals may vary according to definitions of menopause; (ii) age-based definitions of
menopause are associated with moderate differential misclassification bias between cases and controls; (iii) nulliparity,
late age at first birth and family history of breast cancer seem to be specific risk factors for pre- but not postmenopausal
breast cancer when cutoff for menopausal status is 10 years or more after last menses; and (iv) when information on
menstrual history is not available, 50 years of age may be the best proxy for all menses-based definitions of menopause.
We conclude that inconsistent findings on the effect of menopausal status in the association of breast cancer with
some reproductive factors are partly due to statistical imprecision and differential misclassification bias associated with
different age-based or menses-based definitions of menopause. Researchers should either test whether their conclu-
sions hold using several definitions of menopause or give a biological rationale for the choice of a given definition of
menopause.
It is reasonable to believe that hormonal changes
related to menopause can play a role in the aetiology of
breast cancer. Oestrogen and progestins are responsible
for the proliferation of the mammary gland epithelium
and for its differentiation.1 Artificial or natural
menopause may therefore affect the metabolism and
susceptibility to carcinogens of the mammary gland
since, at menopause, progestin secretion stops and
oestrogen secretion occurs in the adrenals and in the
adipose tissue.2
It has been suggested that premenopausal breast
cancer may be primarily related to excess exposure of
the mammary gland to ovarian secretion of sex hor-
mones while environmental risk factors would be
prime in the aetiology of postmenopausal breast
cancer.3*5 Since reproductive history determines a
woman's life exposure to oestrogen and progestins,
this theory implies that reproductive histories with
longer exposures to ovarian hormones should increase
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risk of breast cancer of premenopausal onset but not
necessarily of breast cancer of postmenopausal onset.
However, epidemiological studies of breast cancer
have not consistently shown that premenopausal and
postmenopausal breast cancer were related to a dif-
ferent set of reproductive risk factors.6 Inconsistencies
across studies may stem from the considerable dif-
ferences in definitions of menopause. Some authors
have defined menopause according to time elapsed
between last menses and diagnosis of breast cancer
(menses-based definition).7"19 Others, usually lacking
information on menstrual history, used age as a proxy
for menopausal status (age-based definition).20"24
Finally, some, have used mixed definitions.25*27 In ad-
dition, there is extensive variation within these two
categories of definitions. The cutoff for menses-based
definition of menopause varies from 0 (age at self-
reported menses cessation) to 10 years after last
menses, whereas ages between 45 and 55 years have
been used as age-based definitions.
In the present study we therefore determined
whether associations of breast cancer with postulated
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risk factors such as nulliparity, age at first live birth,
family history of breast cancer and personal history of
benign breast disease differ in premenopausal and
postmenopausal women, using seven different defini-
tions of menopause.
MATERIALS AND METHODS
Between 1973 and 1975, a case-control study was per-
formed in Baltimore City and County and in the
St Paul-Minneapolis area to determine the role of re-
productive and endocrinological factors in the aetio-
logy of breast cancer. The study has been described
in detail elsewhere.28 Briefly, cases were women
histologically diagnosed as having primary malignant
neoplasm of the mammary gland and free of prior
breast cancer. Diagnoses of breast cancer were ab-
stracted from pathology reports in five different
Maryland and 12 different Minnesota area hospitals.
Hospital controls were women free of prior breast
cancer, of the same age group (±5 years) and race,
and admitted to the same hospital, during the same
period (±2 months) as the case. Patients admitted
to Obstetric-Gynaecology and Psychiatry services and
those admitted for breast diseases were not eligible.
The present analyses are based on 427 cases and 560
hospital controls, after exclusion of women for whom
date of last menses was missing or whose pregnancy
outcomes had only been miscarriages, abortions or
stillbirths. Women were classified as nulliparous if
they never had a full-term pregnancy. Parous women
were categorized according to their age at first live
birth (early '<25 years', late '^25 years'). A family
history was considered positive when the mother or at
least one sister had had breast cancer. Otherwise,
family history was regarded as negative or unknown.
History of benign breast disease was present when the
subject reported having had a nonmalignant breast
lump diagnosed by a physician.
Using menses-based definitions, a woman was cate-
gorized as postmenopausal if her last menses occurred
>3 months, > 1 year, >2 years or > 10 years before
diagnosis or interview. Five women who said they were
premenopausal but had not had menses for 3-6 months
because of menses irregularity, were classified as
premenopausal. For age-based definitions of meno-
pausal status, we used the cutoffs >45 years, >50
years or >55 years. We did not separate women with
natural menopause from women with surgical meno-
pause because the purpose of the study was to compare
age-based with menses-based definitions of menopause
and data on type of menopause are usually not avail-
able in the studies with age-based definitions of
menopause.
Sensitivity and specificity of the three age-based
definitions of menopause were computed relative to
each menses-based definitions of menopause. For ex-
ample, taking 'more than 1 year after last menses' as a
menses-based definition of menopause, we computed
the sensitivity and specificity of the 45, 50 and 55
years age-based definitions of menopause separately
for cases and controls.
Distributions of ages at menopauses were smoothed
using the 'ksmooth' procedure of S-plus.29 Multi-
variate analyses were performed using unconditional
logistic regression. Results are reported after adjust-
ment for age (5-year age groups), state (Minnesota,
Maryland), race (black, white) and education (^12,
13-15, ^16 years).
Analyses were repeated for the seven different
definitions of menopause. Each model included an in-
teraction term between the variable 'menopause' and
the studied risk factor. The ratio of the coefficient of
the interaction term over its standard error (SE) was
used as test for interaction and considered as statisti-
cally significant at the 5% level if ^ 1.96.30
RESULTS
Some 237 cases (55.5%) and 342 controls (61.1%)
reported that their menses had ceased. Mean age at last
menses was 45.5 (SD = 7.0) years in cases and 42.2
(SD = 8.5) years in controls (P<0.01). Figure 1
shows that the distribution of age at menopause was
shifted to the right for cases compared to controls.
AGE AT MENOPAUSE
FIGURE 1 Density distribution of age at menopause in breast cancer
cases and hospital controls. Maryland and Minnesota, 1973-1975.
Tables 1 and 2 present seven different stratifications
of the total sample. Premenopausal women are those
that do not meet a given definition of menopause.
Table 1 shows sample sizes by risk factor for each of
the seven definitions of menopause.
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TABLE 1 Distribution of breast cancer cases and hospital controls according to studied factors, by menopausal status and definition of
menopause, Maryland and Minnesota, 1973-1975.
Menopausal status
Definition
No. No.
Premenopausal
Months after last menses
$ 3
$24
$120
Age (years)
$ 4 5
$ 5 0
<55
Postmenopausal
Months after last menses
> 3
>12
>24
> 120
Age (years)
>45
>50
>55
Whole sample
Cases Controls
No. No.
190 217
195 221
208 238
284 374
175 260
220 327
270 383
237 343
232 339
219 321
143 186
252 300
207 233
157 177
Nulliparity
Cases Controls
No. No.
29 25
31 25
32 25
38 32
24 26
30 28
38 36
50 54
48 54
47 54
41 47
55 53
49 51
41 43
Age at first live
birth ^ 25 years
Cases Controls
No. No.
93 63
97 65
100 66
138 112
80 67
97 86
129 110
121 129
117 127
114 126
76 80
134 125
117 106
85 82
Breast cancer
in family
Cases Controls
No. No.
22 13
24 14
25 15
35 23
21 13
28 16
33 20
31 22
29 21
28 20
18 12
32 22
25 19
20 15
Prior breast lump
Cases Controls
No. No.
47 47
50 49
52 52
72 76
41 58
55 77
70 83
46 60
43 58
41 55
21 31
52 49
38 30
23 24
In Table 2, relative odds (RO) for nulliparity vary
little according to the definition used: between 1.4 and
1.7 in premenopausal women, and between 1.0 and 1.2
in postmenopausal women. Although none of the RO
are statistically significant at the 5% level, the lower
bound of the 95% confidence interval of the RO is 1.0
in premenopausal women within 120 months of their
last menses or below age 56 years. For age at first live
birth, RO jn premenopausal women vary between 1.8
and 2.0 and are all statistically significant. In post-
menopausal women, RO vary between 1.3 and 1.5 and
are of borderline statistical significance. Relative odds
for family history of breast cancer vary between 1.7
and 1.9 in pre- and postmenopausal women for menses-
based definitions of menopause. In contrast, using the
age-based definition, family history appears to be a
risk factor in premenopausal women (RO between 2.3
and 2.7, statistically significant) but not in postmeno-
pausal women (RO between 1.3 and 1.7, non statisti-
cally significant). Prior breast lump is not associated
with breast cancer of either pre- or postmenopausal
onset, regardless of the definition used.
Overall, in Table 2, when the cutoff for menopause
is > 120 months after last menses or >55 years of age,
nulliparity, late age at first live birth and family history
of breast cancer appear to be specific risk factors for
breast cancer of pre- but not postmenopausal onset. In
addition, the RO obtained using the age-based defini-
tion of menopause can be either higher or lower than
those obtained using the menses-based definition of
menopause in a given menopausal group.
Table 3 shows the relationship between nulliparity
and breast cancer by 5-year age categories. The highest
RO were observed within the age groups below 45
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TABLE 2 Relationship of breast cancer and several reproductive factors according to different definitions of menopause. Maryland and
Minnesota, 1973-1975
Menopausal status
Definition
Nulliparity
(Yes/No)
Age at first live birth Breast cancer in family
(Yes/No)
Prior breast lump
(Yes/No)
Adjusted relative oddsa (95% Confidence limits)
Premenopausal
Months after last menses
< 3
^ 1 2
^24
^120
Age (years)
«45
^ 5 0
<55
Postmenopausal
Months after last menses
> 3
>12
>24
> 120
Age (years)
>45
>50
>55
1.5(0.8-2.8)
1.6(0.9-2.9)
1.7(0.9-3.1)
1.7(1.0-2.8)
1.4(0.8-2.7)
1.6(0.9-2.9)
1.6(1.0-2.7)
1.0(0.4-2.1)
1.0(0.5-2.1)
1.0(0.5-2.1)
1.1 (0.7-1.8)
1.2(0.5-2.5)
1.0(0.5-2.2)
1.0(0.5-2.1)
2.0(1.3-3.0)
2.0(1.3-3.0)
2.0(1.3-3.0)
1.8(1.3-2.6)
2.0(1.3-3.0)
1.8(1.2-2.6)
1.9(1.3-2.7)
1.4(1.0-2.0)
1.3(0.9-1.8)
1.4(1.0-2.0)
1.3 (0.8-2.0)
1.4 (1.0-2.0)
1.5 (1.0-2.2)
1.3(0.8-2.0)
1.9(0.9-4.0)
1.8(0.9-3.7)
1.7(0.9-3.4)
1.9(1.1-3.4)
2.3 (1.1-4.7)
2.7 (1.4-5.2)
2.3 (1.3-4.2)
1.9(1.0-3.4)
1.9(1.0-3.5)
1.9(1.0-3.6)
1.7 (0.8-3.7)
1.7 (0.9-3.0)
1.3 (0.7-2.5)
1.4(0.7-2.9)
1.2 (0.7-1.9)
1.2(0.7-1.9)
1.2(0.7-1.8)
1.4(0.9-2.0)
1.1(0.7-1.7)
1.1 (0.7-1.7)
1.3 (0.9-1.9)
1.3 (0.8-1.9)
1.2(0.8-1.9)
1.2(0.8-1.9)
0.8(0.4-1.5)
1.4(0.9-2.1)
1.5 (0.9-2.5)
1.0(0.6-1.9)
a
 Simultaneously adjusted for age, race, slate and education.
b
 All relative odds were statistically homogeneous for pre- and postmenopausal women within each of the seven definitions of menopause.
years but, because of the small number of nulliparous
women confidence intervals are very large.
Table 4 shows the difference in accuracy of the three
age-based definitions of menopause. Both true positive
and false positive per cents tended to be higher in cases
than in controls. For each menses-based definition of
menopause, the most specific age-based definition of
menopause is >55 years in both cases and controls.
But this age-based definition is also the less sensitive.
The highest sensitivity for the highest specificity (or
lowest false positivity) was observed for the > 50 years
old definition. Sensitivity and specificity always differ
between cases and controls suggesting that all defini-
tions are associated with differential misclassification
bias. The latter do not seem to vary substantially
according to definition.
DISCUSSION
The present study shows that the strength of associa-
tion between breast cancer and some reproductive risk
factors may vary according to definition of meno-
pause. Some of the variability is due to statistical im-
precision of relative risk estimates because of small
sample size or of rare exposure. For example, RO are
more often statistically significant in categories with
larger numbers of cases and controls such as premeno-
pausal defined ' ^ 120 months after last menses' rather
than ' ^ 3 months after last menses'. There is also more
variability in RO for a rarer risk factor such as family
history of breast cancer. These statistical reasons may
explain part of the inconsistencies of published reports,
especially for case-control studies smaller than the
present one (987 subjects).
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TABLE 3 Relationship between nulliparity and breast cancer within 5-year categories of age. Maryland and Minnesota, 1973-1975
Age
(years)
25-29b
30-34
35-39
40^14
45^t9
50-54
55-59
60-64
65-69
70-74
Cases
(No. = 79)
4
3
7
10
4
9
8
11
14
9
Nulliparous
Controls
(No. = 79)
11
3
4
4
5
7
10
12
11
12
Cases
(No. = 348)
5
18
47
74
42
38
32
37
33
22
Parous
Controls
(No. = 481)
32
29
66
96
62
53
46
35
34
28
Relative odds
(95% confidence limits)
3.4 (0.4-29.2)
1.5 (0.2-9.2)
1.4 (0.3-5.3)
2.9 (0.8-10.6)
1.1 (0.5-2.5)
1.8 (0.6-5.4)
1.1 (0.4-3.2)
0.9 (0.4-2.2)
1.3 (0.5-3.3)
0.9 (0.3-2.7)
1
 Simultaneously adjusted for race, state and education.
3
 Includes 24 people <25 years.
TABLE 4 Differences in accuracy of aged-based definition of menopause in cases and controls relative to four menses-based definitions of
menopause. Baltimore and Minnesota, 1973-1975
Definitions of
menopause
Age-based
>45 years
>50 years
>55 years
Menses-based
(months since last menses)
>3
>12
>24
>I2O
>3
>12
>24
>120
>3
>12
>24
>120
Sensitivity
(% TP)a
91.3
90.7
91.9
98.6
81.7
82.2
85.7
95.9
66.3
67.5
70.9
89.8
Cases
1 -Specificity
(%FP)b
18.8
21.0
24.0
38.7
6.8
7.7
8.6
23.9
0.5
0.5
0.9
9.8
Sensitivity
(%TP)a
79.2
78.1
79.9
89.1
66.2
65.4
67.7
80.9
51.7
51.5
54.1
74.2
Controls
1-Specificity
(%FP)b
13.5
14.9
17.1
35.0
3.6
4.5
5.8
21.3
0.9
0.9
1.2
9.8
a
 %TP per cent true positive.
%FP per cent false postive.
Age-based, compared to menses-based definitions
of menopause always yielded some degree of mis-
classification bias. If the bias was of similar magnitude
in cases and controls, it would not affect the RO.31
Bui, because menopause occurs at a later age in cases
than controls, misclassification bias resulting from an
age-based definition of menopause must be differen-
tial: for any age-based definition, there are more
premenopausal women erroneously classified as post-
menopausal in cases than in controls. Thus, studies
using age-based definitions of menopause are plagued
by some degree of differential misclassification bias. In
MISCLASSIFICAT1ON IN CASE-CONTROL STUDIES OF BREAST CANCER 227
the present study,' >50 years old' was the optimal age-
based proxy for menopause, that is, the one with the
highest sensitivity for the lowest false positivity.
According to our results, differences in reproductive
risk factors between breast cancer of pre- or postmeno-
pausal onset are maximized when menopause is defined
as > 120 months after last menses. Using the latter
definition of menopause, we found that, nulliparity,
late age at first live birth (^25 years) and family
history of breast cancer are specific risk factors for
breast cancer of premenopausal onset but not for
breast cancer of postmenopausal onset. In the only
other study that, to our knowledge, used this defini-
tion, Wynder et a/.8 also found that late age at first live
birth was a specific risk factor for premenopausal
women. These findings are biologically plausible since
it may take about 10 years for a breast neoplasm to
become clinically detectable if initiation occurs after
cessation of ovarian hormonal secretion. Another ex-
planation could be that reproductive factors, such as
parity, have a short-term protective effect observable
in younger but not in older women. However, an effect
modification of age is not clear in our data (Table 3)
and this interpretation is in sharp contrast with several
studies32"37 showing that nulliparity is protective in
younger but deleterious in older women.
In the present study, benign breast disease was not a
risk factor for breast cancer. Authors have usually
found that fibrocystic but not other forms of benign
breast disease were associated with breast cancer,38 but
we did not separate histological types.
In summary, statistical imprecision or differential
misclassification bias may explain part of the incon-
sistent findings of breast cancer studies which used dif-
ferent definitions of menopause. Our results suggest
that the effect of reproductive factors on breast cancer
aetiology decreases after menopause but this decline
takes about 10 years to become observable. We also
found that when menstrual history is not available, 50
years of age may be the best proxy definition of
menopausal status in populations comparable to that
of the present study. Because even a small influence of
definition of menopause on weak associations with
breast cancer may lead to non-negligible, spurious dif-
ferences across studies, researchers should check
whether their conclusions hold for several definitions
of menopause or give a biological rationale for the
choice of a particular definition of menopause.
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